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Process for the manufacture of oc-tocopheryl acetate 

The present invention relates to a novel process for the manufacture of a-tocopheryl ace- 
tate. 

Industrial syntheses of vitamin E , a-tocopherol, are based on the reaction of 2,3,5-tri- 
methylhydroquinone (TMHQ) with (iso)phytol or phytyl halides, see e.g. Ullmann's Ency- 
clopedia of Industrial Chemistry Vol. A27, VGH (1996), pp. 478-488. TMHQ may be ob- 
tained from ketoisophorone via 2,3,5-trimethylhydroquinone diacetate, e.g. as described in 
EP-A 0 850 910, EP-A 0 916 642, EP-A 0 952 137 or EP-A 1 028 103, and saponification of 
the latter. 

EP-A 0 658 552 also discloses a process for the manufacture of a-tocopherol and deriva- 
tives thereof, wherein fluorosulfonates [M(RS0 3 ) 3 ], nitrates [M(N0 3 ) 3 ] and sulfates 
[M 2 (S0 4 ) 3 ] are used as the catalysts with M representing a Sc, Y or lanthanide atom, and R 
representing fluorine, a fluorinated lower alkyl group or an aryl group which maybe sub- 
stituted by one or more fluorine atoms. The reaction is carried out in a solvent which is 
inert to the catalyst and the starting materials, TMHQ and allyl alcohol derivatives or al- 
kenyl alcohols such as phytol or isophytol, examples of the solvent being aliphatic hydro- 
carbons, aromatic hydrocarbons and aliphatic esters. Preferably the allyl alcohol deriva- 
tives or alkenyl alcohols are used in a molar excess of 4% or 10% compared to TMHQ. 

Since a-tocopherol is labile under oxidative conditions, it is usually converted into its ace- 
tate which is more stable and more convenient to handle. Thus, the manufacture of the 
usual commercial form of vitamin E, viz. a-tocopheryl acetate, involves the additional step 
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of esterifying cc-tocopherol (as obtained by the reaction of TMHQ with (iso)phytol or 
phytyl halides). 

t 

An example of the latter is the process described in DE-OS 2 160 103, wherein (iso)phytol 
5 or a phytyl halide is reacted with TMHQ or 2,3,6-trimethylhydroquinone-l -acetate in the 
presence of iron or ferrous chloride and hydrogen chloride. In all cases oc-tocopherol is ob- 
tained which must be converted to its acetate in a further step. The same applies when 
solid acid catalysts like those disclosed in DE-OS 24 04 621 are used. Even if 2,3,6-tri- 
methylhydroquinone-l, 4-diacetate is used as the starting material, as in the process ac- 
10 cording to DE-A 100 11 402, a- tocopherol is obtained in a significant amount, so that a 
further partial acetylation is necessary, because ot-tocopherol and a-tocopheryl acetate 
cannot be easily separated by distillation. 

Therefore, the object of the present invention is to provide a process for the manufacture 
15 of a-tocopheryl acetate starting from 2,3,6-trimethylhydroquinone-l -acetate in the pres- 
ence of a catalyst, where a further step of acetylation is avoided. 

The object is achieved by a new approach to the manufacture of a-tocopheryl acetate 
(TCPA). According to this approach, 2,3,6-trimethylhydroquinone-l -acetate (TMHQA) is 
20 reacted with either phytol (PH), isophytol (IP) or an (iso)phytol derivative to produce 
TCPA or 3-phytyl-2,5,6-trimethylhydroquinone-l-acetate (PTMHQA), whereupon the 
latter is submitted to ring closure to obtain TCPA. 

Thus, in a first aspect, the present invention relates to a process which comprises reacting 
25 TMHQA represented by the formula II 




(ii) 



with a compound selected from the group consisting of phytol (formula IV with R = OH), 
30 isophytol (formula III with R = OH), and (iso)phytol derivatives represented by the fol- 
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lowing formulae III and IV with R = C 2 - 5 -alkanoyloxy, benzoyloxy, methanesulfonyloxy (= 
mesyloxy), benzenesulfonyloxy or toluenesulfonyloxy (= tosyloxy), preferably selected 
from the group consisting of phytol, isophytol and (iso)phytol derivatives represented by 
the following formulae III and IV with R = acetyloxy or benzoyloxy, more preferably se- 
5 lected from the group consisting of phytol and isophytol, most preferably with isophytol, 




in the presence of a catalyst of the formula U n+ (R l SOf) Ri wherein M n+ is a silver, copper, 
10 gallium, hafnium or rare earth metal cation, n is the valence of the cation M n+ , and R 1 is 
fluorine, Ci_ 8 -perfluoroalkyl or perfluoroaryl, to obtain <x-tocopheryI acetate represented 
by the following formula I. 




(i) 

15 

In another aspect, the invention relates to a process which comprises reacting TMHQA 
with a compound selected from the group consisting of phytol, isophytol, and (iso)phytol 
derivatives represented by the formulae III and IV, as defined above and with the same 
preferences, in the presence of a catalyst of the formula M^R^CV"),,, wherein M n+ , n and 
20 R 1 are as defined above, to produce 3-phytyl-2,5,6-trimethylhydroquinone-l-acetate re- 
presented by the formula V 
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and/or a double bond isomer thereof and cyclizing the 3-phytyl-2 > 5,6-trimethylhydro- 
quinone-1 -acetate and/or a double bond isomer thereof (as explained below) obtained to 
produce a-tocopheryl acetate. 

5 

Concerning the substituent R: The term "C^s-alkanoyloxy" covers linear C 2 - 5 -alkanoyloxy 
and branched C 4 . 5 -alkanoyloxy. Preferred examples of u C 2 -5-alkanoyloxy" are acetyloxy, 
propionyloxy and pivaloyloxy. 

10 Concerning the metal cation M n+ : Examples of rare earth metal cations which maybe pre- 
sent in the catalyst for use in the present invention are Sc 3+ , Y 3+ , Lu 3+ , La 3+ , Ho 3+ , Tm 3+ , 
Gd 3+ and Yb 3+ . Preferred cations are Ag + , Cu + , Ga 3+ , Sc 3+ , Lu 3+ , Ho 3+ , Tm 3+ , Yb 3+ , and 
Hf* + , especially preferred are Ag + , Ga 3+ , Sc 3+ and Hf* + . 

15 Concerning the substituent R 1 : The term "Ci.g-perfluoroalkyl" encloses linear Q- 8 -per- 
fluoroalkyl and branched C 3 .8-perfluoroalkyL Preferably Ci_ 8 -perfluoroalkyl is trifluoro- 
methyl, pentafluoroethyl or nonafluoro-n-butyl, more preferably trifluoromethyl or nona- 
fluoro-n-butyl, and most preferably trifluoromethyl. 

A preferred example for "perfluoroaryl" is perfluorophenyl, which maybe single or multi- 
20 ply substituted with trifluoromethyl. A more preferred perfluoroaryl is perfluorophenyl. 

The catalysts of the formula M n+ (R 1 S0 3 ") n maybe obtained e.g. according to the proce- 
dures disclosed in US 3,615,169 or in Journal of Organometallic Chemistry 2001, 624, 392- 
394. The catalyst Gd(F 3 CS0 3 )3 e.g. can be obtained according to a procedure described by 

25 Moulay El Mustapha Hamidi and Jean-Louis Pascal in Polyhedron 1994, 13(11), 1787- 

1792. Gd(F 3 CS0 3 ) 3 is also commercially available from Aldrich (in Buchs, Switzerland), as 
well as Sc(F 3 CS0 3 ) 3 , La(F 3 CS0 3 ) 3 , Ho(F 3 CS0 3 ) 3 , Tm(F 3 CS0 3 ) 3 , Yb(F 3 CS0 3 ) 3 , F 3 CS0 3 Ag, 
F 3 CS0 3 Cu benzene complex and Hf(F 3 CS0 3 ) 4 -H 2 0. Y(F 3 CS0 3 ) 3 and Lu(F 3 CS0 3 ) 3 are 
commercially available from Fluka (in Buchs, Switzerland). Ga(F 3 CS0 3 ) 3 is commercially 

30 available from Acros Organics (in Geel, Belgium). 

The starting material TMHQA maybe obtained e.g. by selective hydrolysis of 2,3,5-tri- 
methylhydroquinone-diacetate as described in EP 1 239 045. The (iso)phytyl compounds 
can be produced by conventional processes known to the person skilled in the art. Phytol 
35 and its derivatives represented by the formulae IV can be used as E/Z-mixture as well as in 
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pure E- or pure Z-form. Preferred is the use of phytol and its derivatives represented by 
the formulae IV as E/Z-mixtures. 

f 

While the manufacture of (aU-rac)-a-tocopheryl acetate is preferred the invention is not 
5 limited to the manufacture of that particular steric form and other steric forms can be ob- 
tained by using phytol, isophytol or a derivative thereof as the starting material in the ap- 
propriate isomeric form. Thus, CRS^jRJ-a-tocopheryl acetate will be obtained when using 
CR,£)-phytol, (i?,i?,£)-isophytol, or (S,£,£)-isophytol, (RS,R,R) -isophytol or an appropri- 
ate (iso)phytol derivative. 

0 

In an especially preferred embodiment.of the invention TMHQA is reacted with phytol 
and/or isophytol, more preferably with isophytol, and if required, the intermediate prod- 
uct PTMHQA and/or a double bond isomer thereof cyclized to a-tocopheryl acetate. 

5 The catalyst of the formula M n+ (R l S0 3 ") n , which is stable against protic solvents such as 
methanol, ethanol and water, can be used in solid form, as well as in solution or in suspen- 
sion, whereby water or a polar organic solvent such as a cyclic carbonate can be used as the 
solvent or dispersion medium. The concentration of the catalyst in the solution is not 
critical. If the reaction is carried out in a biphasic solvent system (see below) the catalyst 

0 can be recovered from the polar phase after the reaction. Preferably the catalyst is used in 
solid form. 

Examples of solvents suitable for the reaction of TMHQA with compounds represented by 
the formulae III and/or IV to PTMHQA (and double bond isomers therof)/TCPA accord- 
5 ing to the present invention are aprotic non-polar organic solvents such as aliphatic hy- 
drocarbons, aromatic hydrocarbons and mixtures thereof, preferably aliphatic hydrocar- 
bons, as well as aprotic polar solvents such as aliphatic and cyclic carbonates, aliphatic es- 
ters and cyclic esters (lactones), aliphatic and cyclic ketones and mixtures thereof. 

0 Preferred examples of aliphatic hydrocarbons are linear, branched or cyclic C 5 - to C 15 - 
alkanes. Particularly preferred are linear, branched or cyclic C 6 - to do-alkanes, especially 
preferred are hexane, heptane, octane, cyclohexane and methylcyclohexane or mixtures 
thereof. Preferred examples of aromatic hydrocarbons are benzene, toluene, o-, m- and p- 
xylene and mixtures thereof. The most preferred non-polar solvent is heptane. 
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Preferred examples of aliphatic and cyclic carbonates are ethylene carbonate, propylene 
carbonate and 1,2-butylene carbonate. Preferred examples of aliphatic esters and cyclic 
esters (lactones) are; ethyl acetate, isopropyl acetate, n-butyl acetate and y-butyrolactone. 
Preferred examples of aliphatic and cyclic ketones are diethyl ketone, isobutyl methyl ke- 
5 tone, cyclopentanone and isophorone. Especially preferred are cyclic carbonates and lac- 
tones, especially ethylene carbonate, propylene carbonate and y-butyrolactone. Most pre- 
ferred are the cyclic carbonates, especially ethylene carbonate and propylene carbonate and 
mixtures thereof. 

10 More preferred are biphasic solvent systems comprising polar and non-polar solvents. 

Examples of non-polar solvents in such biphasic solvent systems are the non-polar sol- 
vents named above. 

15 Examples of polar solvents in such biphasic solvent systems are the polar solvents named 
above. 

The most preferred biphasic solvent systems are mixtures of ethylene carbonate and/ or 
propylene carbonate and hexane, heptane or octane, especially mixtures of ethylene car- 
20 bonate and heptane, mixtures of propylene carbonate and octane, and mixtures of ethyl- 
ene carbonate, propylene carbonate and heptane. 

The molar ratio of TMHQA to a compound represented by formula III and/or IV in the 
reaction mixture conveniently varies from about 3 : 1 to about 0.8 : 1, preferably from 
25 about 2 : 1 to about 1:1, more preferably from about 1.75 : 1 to about 1:1. 

The amount of the catalyst M n+ (R l S0 3 ~) n used is based on the amount of TMHQA or the 
compound represented by formula III or IV whichever is used in the lesser molar amount. 
Usually the relative amount of the catalyst of the formula M^R^C^n to the amount of 

30 TMHQA or the compound represented by formula III or IV is from about 0.001 to about 
1 mol%, preferably from about 0.001 to about 0.1 mol%, more preferably from about 
0.003 to about 0.1 mol%. Such catalytic amounts of M^R^C^n are sufficient to obtain 
high yields of the desired product. In this context the expression "amount of M^R^Os" 
) n " is to be understood as referring to the weight of pure M n+ (R 1 S0 3 ") n present, even 

35 though the catalyst may be impure and/or in the form of an adduct with a solvent. 
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The amount of organic solvent used is conveniently from about 0.25 ml to about 6 ml, 
preferably from about 0.5 ml to about 3 ml, based on 1 mmol of the compound repre- 
sented by formula llj or IV, whichever is employed, these amounts referring to the total 
amount of solvent, i.e. regardless of whether the reaction is effected in a single phase (sin- 
5 gle solvent or a solvent mixture) or in a biphasic solvent system. 

If the process is carried out in a biphasic solvent system, then the volume ratio of the non- 
polar solvent to the polar solvent is conveniently in the range from about 1 : 5 to about 30 : 
1, preferably from about 1 : 3 to about 20 : 1, most preferably about 10 : 1 to about 15 : 1 

10 

It was found that the cyclic carbonate used in the biphasic solvent systems could be re- 
cycled several times. 

The alkylation reaction is conveniently carried out at temperatures from about 20°C to 
15 about 160°C, preferably from about 80°C to about 150°C, more preferably from about 105 
to about 150°C, most preferably from about 125 to about 145°C. 

The reaction is conveniently carried out at atmospheric pressure. 

20 Moreover, the process is conveniently carried out under an inert gas atmosphere, prefera- 
bly gaseous nitrogen or argon. 

The process in accordance with the invention can be carried out batchwise or con- 
tinuously, and in general operationally in a very simple manner, for example (1) by adding 
25 the compound represented by formula III or IV - as such or dissolved in the non-polar 
solvent (if the reaction is carried out in a non-polar solvent or a biphasic solvent system) 
such as mentioned above, preferably as such - portion wise or continuously to a mixture of 
the catalyst of the formula M n+ (R 1 S0 3 ~) n > TMHQA and the solvent/biphasic solvent sys- 
tem. 

30 

It is also possible (2) to add subsequently the catalyst, preferably as such, and the com- 
pound represented by the formula III or IV - as such or dissolved in the non-polar solvent 
(if the reaction is carried out in a non-polar solvent or a biphasic solvent system) such as 
mentioned above, preferably as such - to TMHQA and the solvent/biphasic solvent sy- 
35 stem. 
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The rate of addition of one component to the others is not critical. Conveniently, the 
compound represented by formula III or IV is added continuously in a rate from about 0.2 
to about 1 ml per mpute, preferably from about 0.4 to about 0.8 ml per minute. The cata- 
lyst is preferably added at once to the mixture of TMHQA and the solvent/biphasic solvent 
5 system having already reached the reaction temperature. 

After completion of the addition of the compound represented by formula III or IV (in the 
non-polar solvent) the reaction mixture is suitably heated at the reaction temperature for a 
further about 10 to about 60 minutes, preferably about 20 to about 30 minutes. The wor- 
10 king-up can be effected by procedures conventionally used in organic chemistry. * 

The conversion of TMHQA to TCPA by the process of this invention may proceed in one 
step or may be carried out with isolation of an intermediate, PTMHQA. Further, isomers 
of the latter, viz., (Z)- or(£)- acetic acid 4-hydroxy-2,5,6-trimethyl-3-(3,7,ll,15-tetra- 
15 methyl-hexadec-3-enyl)-phenyl ester (formula Via) and/or acetic acid 4-hydroxy-2,5,6- 
trimethyl-3-[3-(4, 8,12-trimethyl-tridecyl)-but-3-enyl]phenyl ester (formula VIb) maybe 
formed in minor amounts in the reaction mixture. 




All these intermediates may be cyclized by heating to yield the desired product, TCPA. The 
cyclization may be carried out using the same catalysts and reaction conditions as those 
used in the alkylation. 

25 The present invention provides a highly selective and high-yield manufacture of TCPA. 

A further advantage in the use of ■M n+ (R 1 S0 3 ") n as defined above as the catalyst in the pro- 
cess in accordance with the invention is, in addition to high yields of (all-rac)-TCPA and 
high selectivities as well as the enabled ready isolation of the produced (all-rac)-TCPA 



WO 2004/063182 PCT/EP2003/014723 

-9- 

from the mixture after reaction, that the formation of a-tocopherol is essentially avoided. 
"Essentially avoided" in the context of the present invention means that the formation of 
a-tocopherol is < 3%, preferably < 2.5%> more preferably £ 1.5%, based on TMHQA or 
the compound represented by formula III or IV, whichever is used in the lesser amount. 

5 

The following examples illustrate the invention further. 



Examples 

10 In the following examples "OTf ' means "triflate", i.e. "F3CSO3". 
Example 1 

In a four-necked flask equipped with a stirrer, a water separator, and a reflux condenser, 
19.7 g (100 mmol) of TMHQA and 25 ml of the solvent (see table 1) were heated with stir- 

15 ring under argon atmosphere to reflux temperature (oil bath 140- 145°C). After the addi- 
tion of the catalyst (for the relative amount of catalyst, based on IP, see table 1 below), 
36.18 ml (100 mmol) of IP were added at a rate of 0.8 ml per minute. The reaction mixture 
was heated under reflux for 30 minutes after completion of the addition of IP. The reac- 
tion mixture was cooled and evaporated under reduced pressure. A viscous oil was ob- 

20 tained. For the yield of (all-rac)-TCPA, based on IP, see table 1. The also formed 

PTMHQA can be cyclized to TCPA under controlled reaction conditions by prolonging 
the reaction time resulting in a better overall-yield of TCPA. 



Table 1: Results of the reaction in non-polar or polar solvents 



catalyst 


relative amount 


solvent 


yield 


yield 


yield of 


yield of 




of catalyst 




of 


of 


PTMHQA 


"phyta- 




[mol%] 




TCPA 


TCP[ 


(%]* 


dienes" 








[%] ; 


%] 




[%] ♦ 


AgOTf 


0.01 


toluene 


55.4 


0 


11.1 


24.1 


Sc(OTf) 3 


0.05 


toluene 


64.6 


0.2 


6.2 


22.9 


Hf(OTf) 4 


0.005 


toluene 


47.8 


0.2 


19.4 


26.1 


Ga(OTf) 3 


0.01 


toluene 


71.6 


0.8 


0.1 


20.8 


Hf(OT£) 4 


0.005 


heptane 


54.1 


0 


19.6 


20.1 


AgOTf 


0.01 


n-butyl 


62.4 


0.4 


0.3 


27.4 






acetate 
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Sc(OTf) 3 


0.05 


n-butyl 
acetate 


53.8 


0.3 


7.7 


30.2 


Hf(OTf) 4 


0.005 , 


n-butyl 
acetate 


60.7 


0.6 


1.6 


29.3 


Ga(OTf) 3 


0.01 


n-butyl 
acetate 


59.2 


1.2 


0.8 


31.0 



* minor amounts of double bond isomers are included 

♦ "Phytadienes" are a mixture of several C-20 isomers formed by dehydration reactions of 
the starting material, the compound represented by formula III or IV, and can be removed 

5 in an easy way from the product, e.g. by distillation. 



Example 2 

In a four-necked flask equipped with a stirrer, a water separator, and a reflux condenser, 
10 19.7 g (100 mmol) of TMHQA and 25 ml of y-butyrolactone were heated with stirring un- 
der argon atmosphere to approximately 110°C (oil bath 115°C). After the addition of cata- 
lyst (for the relative amount of catalyst, based on IP, see table 2), 36.18 ml (100 mmol) of 
IP were added at a rate of 0.8 ml per minute. The reaction mixture was heated under reflux 
for 30 minutes after completion of the addition of IP. The reaction mixture was cooled to 
15 80°C and extracted three times with 50 ml of heptane. The combined heptane phases were 
evaporated under reduced pressure. A viscous oil was obtained. For the yield of (all-rac)- 
TCPA, based on IP, see table 2. 



Table 2: Results of the reaction in y-butyrolactone 

20 



catalyst 


relative 
amount of 
catalyst 
[mol%] 


yield of 

PTMHQA [%)* 


yield of 

TCPA 

[%] 


yield of 
TCP [%] 


yield of "phyta- 
dienes" [%] 


AgOTf 


0.01 


50.6 


2.0 


0 


23.6 


Sc(OTf) 3 


0.05 


37.4 


18.5 


0.2 


24.9 


Hf(OTf) 4 


0.005 


46.0 


6.5 


0 


22.4 


Ga(OTf) 3 


0.01 


41.3 


9.4 


0 


24.6 



* minor amounts of isomers included 
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Example 3 

In a four-necked fla$k equipped a with stirrer, a water separator, and a reflux condenser, 
39.24 g (200 mmol) of TMHQA, 30 g of ethylene carbonate and 450 ml of heptane were 

5 heated with stirring under argon atmosphere to reflux (oil bath 140°C). After the addition 
of the catalyst (for the relative amount of the catalyst, based on IP, see table 3), 36.18 ml 
(100 mmol) of IP were added at a rate of 0.8 ml per minute. The reaction mixture was 
heated for additional 10 minutes, then the heptane was distilled off within approximately 
20 minutes. Afterwards the reaction mixture was heated for the time indicated in table 3 at 

10 80 to 90°C. The reaction mixture was cooled down to 80°C. 150 ml of heptane were added 
to the reaction mixture. The reaction mixture was stirred for additional 10 minutes at 80 
to 90°C. The mechanical stirrer was removed and the reaction mixture was cooled to 5°C. 
The heptane layer was separated and evaporated under reduced pressure. A viscous oil was 
obtained. For the yield of (all-rac)-TCPA, based on IP, see table 3. 

15 

Table 3: Results of the reaction in a biphasic solvent system consisting of ethylene carbon- 
ate and heptane 



catalyst 


amount of 

catalyst 

[mol%] 


reaction 
time [min- 
utes] after 
heptane was 
distilled off 


yield of 

TCPA 

[%] 


yield of 

PTMHQA 

[%]* 


yield of 
TCP 
[%] 


yield of 
"phyta- 
dienes" 
[%] 


Sc(OTf) 3 


0.0125 


60 


90.7 


1.6 


0.5 


3.5 


Sc(OTf) 3 


0.0125 


75 


92.1 


0.6 


0.6 


3.3 


Sc(OTf) 3 


0.05 


25 


92.3 


0 


2.5 


3.2 


AgOTf 


0.01 


25 


87.0 


6.1 


0.3 


3.9 


AgOTf 


0.01 


60 


93.0 


0 


2.1 


2.5 


Hf(OTf) 4 


0.005 


60 


93.3 


0.2 


1.4 


3.0 


Ga(OTf) 3 


0.01 


25 


92.2 . 


0 


2.1 


3.2 



20 * minor amounts of double bond isomers included 
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Example 4 

In a four-necked flask equipped with a stirrer, a water separator, and a reflux condenser, 
39.24 g (200 mmol) of TMHQA, 30 g of ethylene carbonate, and 450 ml of heptane were 
heated under argon atmosphere to reflux (oil bath 140°C). After the addition of catalyst 
(for the relative amount of catalyst, based on IP, see table 4 below), 36.18 ml (100 mmol) 
of IP were added at a rate as indicated in table 4. Approximately 1.8 ml of water were sepa- 
rated after complete addition of IP. Afterwards the reaction mixture was heated for 10 
minutes under reflux. The reaction mixture was cooled to 5°C under stirring. The heptane 
layer was separated and evaporated under reduced pressure. A viscous oil was obtained. 
For the yield of (£,Z)-(all-mc)-PTMHQA (E:Z = 2.2-2.4 : 1), based on IP, see tabled. 

Table 4: Results of the reaction in a biphasic solvent system consisting of ethylene carbon- 
ate and heptane 



Catalyst 


amount of 


rate of addi- 


yield of 


yield 


yield of 


yield of 


yield 




catalyst 


tion of IP 


PTMHQA 


of 


TCP 


"phyta- 


oflP 




[mol%] 


[ml/minute] 


[%]* 


TCPA 
[%] 


[%] 


dienes" 
[%] 


[%] 


Sc(OTf) 3 


0.05 


0.8 


55.6 


33.4 


1.3 


6.4 


0 


Sc(OTf) 3 


0.01 


0.8 


72.5 


1.9 


0 


4.8 


12.1 


Sc(OTf) 3 


0.01 


0.4 


85.9 


2.6 


0 


5.7 ; 


0 


Ga(OTf) 3 


0.0075 


0.8 


69.0 


20.2 


0.4 


5.9 


0 



minor amounts of double bond isomers included 



Example 5 

In a 200-ml four-necked flask equipped with a mechanical stirrer, a thermometer, a water 
separator and a reflux condenser, 9.7 g (49.5 mmol) of TMHQA, 40 g of ethylene carbon- 
ate, the catalyst Gd(F 3 CS0 3 ) 3 (for the relative amount of catalyst, based on IP, see table 5) 
and 50 ml of heptane were filled in. The reaction mixture was heated up under argon at- 
mosphere to reflux (oil bath 140 to 145°C). 11.9 ml (33 mmol) of IP were added at a rate 
of 0.6 ml per minute. Approximately 0.2 ml of water were collected after complete addition 
of IP. The heptane was distilled off within approximately 20 minutes. Afterwards the reac- 
tion mixture was heated for 22 hours at 125 to 130°C. The reaction mixture was cooled 
down to 80°C. 50 ml of heptane were added to the carbonate phase. The reaction mixture 
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was stirred for additional 10 minutes at 50°C. The heptane layer was separated and evapo- 
rated under reduced pressure. A viscous oil was obtained and analysed by gas chromatog- 
raphy (GC) (using the internal standard consisting of 1.0 g squalene, 100 ml pyridine and 
100 ml N,0-bis(trimethylsilyl)trifluoroacetamide (BSTFA) + 1 % trimethylchlorosilane 
5 (TMCS)). For the yield of (all-rac)-a-tocopheryl acetate, based on IP, see table 5. 



Table 5: Results of the reaction in the presence of Gd(OTf>3 as catalyst 



relative amount of 
Gd(OTf) 3 [mol%] 


reaction time 
[hours] 


yield of 
TCPA [%] 


yield of 
PTMHQ 
A [%]* 


yield of 
TCP [%] 


yield of 
"phytadie- 
nes" [%] 


2 


22 


61.4 


11.7 


0.4 


6.4 


1 


22 


62.4 


12.9 


0.4 


6.0 


0.5 


17 


64.3 


11.1 


0.5 


7.4 


0.2 


20 


35.2 


40.2 


0.0 


7.0 



10 * minor amounts of double bond isomers included 



Example 6 

1.00 mmol of (£/Z)-(all-rac)-PTMHQA was transferred to a Schlenk tube under argon and 
15 dissolved in 3 ml of n-butyl acetate or 3 ml of y-butyrolactone or 3 ml of toluene or 1.2 g 
of ethylene carbonate. The solution was heated up to 130 to 140°C (oil bath temperature) 
and 25 ul (0.05 mol%, based on PTMHQA) or 12.5 ul (0.025 mol%, based on PTMHQA) 
of a stock solution of the catalyst in water (for Sc(OTf) 3 0.2 molar; Ga(OTf) 3 0.2 molar; 
AgOTf 0.2 molar; Hf(OTf) 4 0.2 molar) were added. The reaction mixture was heated for 
20 one hour. Then the solution was cooled to room temperature and the solvent removed 
under reduced pressure (in the case of using toluene or n-butyl acetate as solvent). In the 
case of using y-butyrolactone as solvent the reaction mixture was extracted three times 
with approximately 5 ml of heptane. In the case of using ethylene carbonate as solvent, 5 
ml of heptane were added to the reaction mixture, the mixture was cooled down to 5°C, 
25 the layers were separated, and the heptane phase was concentrated in vacuo. The obtained 
oils were examined by gas chromatography (GC) analysis. For the yields, based on 
PTMHQA, see table 6. 
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Table 6: Results of the cyclization of PTMHQA to TCPA 



catalyst 


amount of 

t i 

catalyst 
[mol%] 


oil bath 

tem- 
perature 
[°C] 


solvent 


yield of 
TCPA 
[%] 


yield 
of 
TCP 
[%] 


yield of 
PTMHQA 
[%]* 


yield of 
"phyta- 
dienes" 
[%] 


bC((Jlt)3 


0.05 


130 


. 1 1 

ethylene 
carbonate 


94.9 


0.1 


6.0 


0.9 


Sc(OTr; 3 


0.05 


140 


ethylene 
carbonate 


99.4 


1.3 


0.1 


0.9 


Sc(OTf) 3 


0.05 


130 


Y- 

buty- 
rolactone 


100.7 


1.0 


0.1 


1.2 


Sc(OTf) 3 


0.05 


130 


n -butyl 
acetate 


5.7 


0 


85.8 


4.7 


Sc(OTf) 3 


0.05 


130 


toluene 


39.0 


0 


63.5 


1.0 


AgOTf 


0.05 


140 


ethylene 
carbonate 


94.8 


0.3 


6.0 


0.9 


Ga(OTf) 3 


0.025 


140 


Y- 

buty- 
rolactone 


98.9 


3 


0 


0.9 


Hf(OTf) 4 


0.025 


140 


r- 

buty- 
rolactone 


97.6 


0.7 


0.7 


1.6 



* minor amounts of double bond isomers included 



